Recently, we demonstrated that the Xenopus Wnt effector XTcf-3 interacts with Groucho-related transcriptional repressors (Roose et al., 1998. Nature 395, 608±612). A long form of the Groucho-related genes, XGrg-4, was shown to repress axis formation in the Xenopus embryo, whereas a short form, XGrg-5, acted as a potentiator. In this study, the temporal and spatial expression of XGrg-4 and XGrg-5 is described in Xenopus laevis embryos. Both genes are maternally expressed. In the gastrula, transcripts of both genes are present in the animal as well as the vegetal region. At later stages, XGrg-4 and XGrg-5 show speci®c patterns of expression in the central nervous system (CNS), cranial ganglia, eyes, otic vesicles, stomodeal-hypophyseal anlage, cement gland, head mesenchyme, branchial arches, neural crest and derivatives, somites, pronephros, pronephric duct, heart and tailbud. Differences in the expression of XGrg-4 and XGrg-5 were found in the CNS, cranial ganglia, olfactory placodes, stomodeal-pharyngeal anlage, cement gland, head mesenchyme and ectoderm. q
Results and discussion
Vertebrate homologues of Drosophila Groucho (Gro) (Hartley et al., 1988) were isolated from human (Stifani et al., 1992; Miyasaka et al., 1993) , mouse (Mallo et al., 1993; Mallo et al., 1994; Mallo et al., 1995; Miyasaka et al., 1993; Koop et al., 1996; Leon and Lobe, 1997) , rat (Schmidt and Sladek, 1993) , Xenopus (Choudhury et al., 1997; Roose et al., 1998) and zebra®sh (Wu Èlbeck and Campos-Ortega, 1997) . A naturally truncated form, termed Grg-5, consists of the two amino-terminal domains of Gro, and is expressed in man (Miyasaka et al., 1993) mouse (Miyasaka et al., 1993) , rat (Schmidt et al., 1993) and Xenopus (Choudhury et al., 1997; Roose et al., 1998) . The developmental expression of Gro-related genes in vertebrates was studied by Northern blot (Stifani et al., 1992; Miyasaka et al., 1993; Choudhury et al., 1997; Leon et al., 1997; Wu Èlbeck and Campos-Ortega, 1997) and/or in situ hybridization (Mallo et al., 1993; Dehni et al., 1995; Koop et al., 1996; Leon and Lobe, 1997; Wu Èlbeck and Campos-Ortega, 1997; Yao et al., 1998) .
Xenopus Grg-4 and Grg-5 both interact with the Xenopus member of the Tcf family of transcription factors, XTcf-3 (Roose et al., 1998) . XGrg-4 represses both ArmadilloXTcf-3-driven transcriptional activation of a Tcf reporter and Arm-XTcf-3-mediated axis duplication. In contrast, XGrg-5 derepresses a Tcf reporter and potentiates ArmXTcf-3-mediated secondary axis formation. To obtain a better insight in the possible roles of different Grg family members during the earliest stages of vertebrate development, we studied the expression patterns of XGrg-4 and XGrg-5 by Northern blot and whole mount in situ hybridization.
Both XGrg-4 and XGrg-5 are maternally expressed, as shown before by Choudhury et al. (1997) , and transcripts of both genes are present throughout early development (Fig. 1) . Whole mount in situ hybridization shows that at the end of gastrulation, relatively high levels of XGrg-4 and XGrg-5 are present in the prospective neural plate region (Fig. 2) . Posteriorly, XGrg-5 expression is restricted to two sharp lines along the midline (Fig. 2) .
In neurula stages, XGrg-4 and XGrg-5 transcript levels remain highest in the sensorial layer of the neurectoderm (Fig. 3A,B) . Sections demonstrate that this staining is localized in the anterior region of the entoderm, in a thin layer of adjacent mesenchyme and in the ectoderm; an area corresponding to the stomodeal-hypophyseal anlage (Fig.  3C ). Within the anterior neural plate relatively high expression of XGrg-4 is detected in localized areas, i.e. anteriorly in the¯oor of the neural groove (Fig. 3A,B) , at the level of the presumptive pros-mesencephalic boundary and in the anterior prospective rhombencephalon ( Fig. 3A,B ; c.f. Eagleson and Harris, 1990) . A speckled pattern of XGrg-4 expression in the epidermal ectoderm, appears in stage 14 embryos (Figs. 3A and 4) and disappears at stage 35. This might represent expression in precursors of ciliated epidermal cells (Chu and Klymkowsky, 1989) . XGrg-4 and XGrg-5 are expressed in the anlage of the cement gland at stage 14 (Fig. 3A,B) . XGrg-5 transcripts are mainly located in the area of the prospective telencephalon and between the eye anlagen.
At stage 22, XGrg-4 and XGrg-5 transcripts are abundantly present in the eye vesicles, the ear placodes and the prospective branchial arches (Fig. 5) . In sections, intensive staining is also observed in cells between the olfactory placodes, in the lateral mesenchyme of the branchial arches and around the optic vesicles and cement gland (not shown). XGrg-4 and XGrg-5 transcripts are present in the pronephric anlage, the prospective pronephric duct region, the presomitic mesoderm and the somites (Fig. 5) . Pronounced differences between XGrg-4 and XGrg-5 expression are found in the cement gland, the head mesenchyme, the brain, the spinal cord and the ectoderm. In the developing brain, XGrg-4 and XGrg-5 transcripts are present throughout; XGrg-4 is most abundant in the mesencephalon and posterior rhombencephalon, while XGrg-5 is more pronounced in the prosencephalon and two distinctive bands in the rhombencephalon (Fig. 5B,F) . High XGrg-4 expression is detected at the pros-mesencephalic and mes-rhombencephalic boundaries (Fig. 5B,C) . In the spinal cord, both XGrg-4 and XGrg-5 are expressed in an anterior to posterior decreasing gradient with XGrg-4 in an asymmetric, scattered pattern (Fig. 5B,E) .
At stage 25, XGrg-4 and XGrg-5 expression patterns are similar to those at stage 22. In the cement gland, expression of XGrg-5 is high, while XGrg-4 RNA is detected only in the basal region (not shown). A strong signal of XGrg-5 expression is observed at the pros-mesencephalic boundary.
At later tailbud stages, XGrg-5 is strongly expressed in the keel of the foregut (sections, not shown). In the brain, expression of XGrg-4 and XGrg-5 is very dynamic. Both XGrg-4 and XGrg-5 are weakly expressed in the epiphysis (sections not shown) and XGrg-5 in the infundibulum (not shown).
At stage 35, XGrg-4 and XGrg-5 expression is high in the future choroid plexus of the telencephalon and in the ependymal layer (sections, not shown). In the brain, both XGrg-4 and XGrg-5 expression is highest laterally. Throughout the neural tube, XGrg-4 and XGrg-5 are expressed in a dorsal to ventral gradient (sections not shown). In the canalis neurentericus, XGrg-4 has a scattered expression, while XGrg-5 RNA is evenly distributed. XGrg-4 and XGrg-5 display a similar expression pattern in the developing eye: in the prospective ganglion cell layer, the ciliary marginal zone and the lens (sections, not shown). At stage 30, XGrg-4 expression is found in cephalic ganglia V and VII (not shown) and in stage 35, also IX and X (Fig. 6A) . XGrg-5 is only weakly expressed in ganglia V and VII (Fig. 6C) . Both XGrg-4 and XGrg-5 are expressed in the future endocardium and pericardium, while XGrg-5 is additionally expressed in the future myocardium (sections not shown).
Both in mouse and Xenopus, Grg-5 (Mallo et al., 1993 ) is expressed in the heart and foregut. While mGrg-5 was found to be expressed in the liver primordium and the ventral spinal cord¯oor of the developing brain, no expression of XGrg-5 was detected at these positions at the stages analyzed in Xenopus. The expression pattern of XGrg-4 is strikingly similar to that of mGrg-4 (Koop et al., 1996) , suggesting functional conservation.
Methods

XGrg-4 and XGrg-5 cDNAs and probes
A Xenopus brain cDNA library in lgt11 (Schrama et al., 1997) was screened at low stringency with murine Grg-4 and Grg-5 cDNA probes as described by Roose et al., 1998 . XGrg-5 was previously described as XAES by Choudhury et al. (1997) , (GenBank accession number U18776). XGrg-4 encodes full length XGrg-4 and is identical to the partial cDNA described as XESG2 by Choudhury et al. (1997) . The accession number for XGrg-4 is AJ224945. For ®gures as shown we used a XGrg-4 probe covering nucleotides 2270 to 1650, and for XGrg-5, 1105 to 1368.
Northern blotting
RNA isolation and Northern blot hybridization were performed as described (Destre Âe et al., 1992) .
Embryo manipulation and in situ hybridization
Albino embryos were cultured and collected as described (Molenaar et al., 1996) . The XGrg-4 and XGrg-5 cDNA's were used to generate digoxigenin labeled antisense RNA probes. The whole mount ISH procedure was adapted and modi®ed from Harland (1991) . 
